A total of 5724 base pairs of a recombinant phage DNA containing a human HLA-DR heavy chain gene including flanking regions has been analyzed. The regions corresponding to all the exons have been identified. The sites of initiation of transcription and polyadenylation have been determined. A large intron of 2399 base pairs separates the first exon containing the 5' untranslated region and the signal peptide from the second exon containing the N-terminal peptide domain.
INTRODUCTION
The major histocompatiblity complex (MHC) in man is located on chromosome 6 and is composed of 3 classes of antigens.
Class I is a highly polymorphic gene family defined by three genetic loci, HLA-A, HLA-B and HLA-C (1). On the nucleic acid level transcripts of class I gene products will crosshybridize to each other as well as to species homologous to the murine TL and Qa antigens (2) . Class I antigens are membrane glycoproteins noncovalently associated with >92-mlcroglobulin (the gene for which is located on chromosome 15) . They are commonly expressed in all tissue cells, and it has been shown that they are recognized by cytotoxic T cells along with viral antigens or as alloreactive targets (3, 4) .
Class II antigens (Ir or inmune response genes) are encoded by a genetic region called HLA-D. They represent a gene family of more limited polymorphism expressed on the cell surface of lymphoblastoid cells and in tissue involved in inmune processes (5, 6) . They are two chain membrane glycoproteins composed of a 34000 dalton heavy chain («0 in noncovalent association with a polymorphic 29000 dalton light chain (fi). Both chains pierce the membrane (1) .
It has been shown that HLA-D region products together with antigen are presented on the cell surface of macrophages and are recognized by syngeneic T cells resulting in T cell proliferation (7, 8, 9, 10) . So far experimental evidence has been presented for the existence of 3 class II related antigens called DR, DC and SB (11, 12, 13, 14, 15) . Class III antigens are peptides of the complement group (16) .
We have focussed on the complete structural analysis of the HLA-DR heavy chain gene in an attempt to broaden our understanding about regulation and action of this gene product and for comparison with other oi chain genes in man and in other species.
METHODS
DNA cloning and sequence analysis: A human genomic DNA library (fetal liver, HLA type unknown) in phage lambda Charon 4A (17) was screened with the probe pDRH-2 (18) as described previously (19) . DNA fragments of the recombinant phage were subcloned into the plasraid vector pDC9. Restriction sites ( Fig. 1 ) were labeled at their 5' ends using polynucleotide kinase (PL Biochemicals) and 32 P-fATP (10 mCi/nMol, a gift of Rick Myers), or at their 3' ends using the KLenow fragment of Polymerase I and P-ofdNTP's and subjected to the base specific degradation reactions according to Maxam and Gilbert (20) . The cleavage products were analyzed on 80 x 30 x 0.03 cm 81 polyacrylamide urea gels.
Extraction of RNA and S nuclease mapping: Total RNA was extracted by the method of Auffray and Rougeon (21) from the lymphoblastoid B cell line JY (DR 4,w6). 20 ,ng of total RNA together with 5000 cpm of an end-labeled DNA fragment in a total volume of 20 ,ul containing 0.5 M NaCl, 40 mM PIPES, 1 mM EDTA and 8 Z formamide (Mallinckrodt) was denatured for 5 minutes at 75 C and annealed for 12 hours at 42°C. The sample was diluted 10 fold at 37 C into buffer containing 0.2 M NaCl, 4 mM ZnCl , 30 mM NaAc pH 4.5 and 40 U of S 1 nuclease (PL Biochemicals) and incubated for 30 minutes at 37 C. After phenol/chloroform extraction and isopropanol precipitation, samples were applied to 5% polyacrylamide urea gels as described (22) .
RESULTS

Analysis of genomic clone lambda DRH-6A
A human genomic library in lambda Charon 4A (17) was screened with the cDNA probe pDRH-2 (18), representing the carboxy-terminal 31 amino acids and the entire 3' untranslated region of the HLA-DR heavy chain, as described previously (19) . A phage, lanbda DRH-6A, was isolated containing a 3.2 kb EcoRI fragment, which hybridized to pDRH-2 and has been characterized in detail (19) . It represented all the coding portions of the DR heavy chain polypeptide except for the signal sequence including amino acids one and two a product which was 150-160 bp larger was found (results not shown). The same extension product was used as a probe to identify a 6 kb Pstl fragment which was subcloned into the pUC9 plasmid vector and analyzed by restriction mapping ( Fig. 1 ) and sequence analysis (see Fig. 3 A G C C A G  G G A G G G G G T G   rrrcAACTAC   G A G G G A G A G G 
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two conserved elements not otherwise discernable between the nearly Identical human and murine 5 1 flanking regions (Fig. 4 and ref. 31 ). These two elements (indicated by stippled boxes in Fig. 4 ) are separated by 20 nucleotides and are located 50-100 bp upstream of the Cap site. In addition the two corresponding elements are strikingly conserved in the murine IA6 gene (34) , in a human HLA-DCB gene (J. Boss personal communication) and in a human HLA-DCa gene (J. Lillie personal communication). Recent work indicates that Jf-interferon can Induce class II antigen expression in peripheral blood monocytes (35) . The role of those conserved elements mentioned above need to be defined and delineated with respect to developmental versus inducible gene expression.
DISCUSSION
It has been shown for class I antigens (36, 37) that intron-exon organization follows the general principle of exon blocks containing the coding information for the functional peptide domains. A similar arrangement has been observed in the class II heavy chain gene described in this paper. An unusually large Intron (2399 bp) searates the first from the second exon, as compared to class I antigens (36) . This structural arrangement with a large intron separating the 5' exon is comparable to the homologous murine IEa chain gene (31, 32, 38) and also to the 5' end structure of the g2-microglobulin gene (39) . A further difference in intron-exon organization between class I and II heavy chains is observed in the 3' terminal portion. The class II gene contains transmembrane and intracytoplasmic region in one exon block of 165 bp separated from the 3 1 untranslated portion of 390 bp by an intron of 790 bp.
The corresponding region in class I heavy chains is split into several smaller blocks (36, 37) . The difference in structural arrangement of transmembrane and intracytoplasmic portion between class I and II antigens may imply a difference in function. By 'Southern blotting' using DNA from various cell lines or individuals and probing with an HLA-DRa chain probe, a constant The human genome also encodes the HLA-DR related DC and SB a chain genes.
The coding DNA sequence of the DC-1 heavy chain shows 57% overall homology to HLA-DR, and SB has a similar degree of homology (14, and C. Auffray in press).
In contrast to HLA-DR the DC heavy chain shows population polymorphism (15) .
It is unlikely that the DR related a chain genes interfere in S nuclease mapping using end labeled probes as was performed in this study, because the position carrying the label shows little sequence homology.
It has been shown that two size classes of 62-microglobulln mRNA differing by 250 bp are transcribed from one gene. The two mRNA species map to different polyA addition sites in the DNA sequence (40) . This result is in contrast to our finding for the HLA-DRa chain gene where apparently only one of the two potential polyA addition sites is recognized in JY cells (Fig. 2B ) .
It has been pointed out earlier by several authors (1, 19, 41) In addition a gene expression study carried out by C. Rabourdin-Combe and B. Mach (43) using the lambda phage DNA G> DRH-6A) described in this paper confirmed that the gene is functional as would be expected from our analysis.
